145 manufacturers instructions. Microarray data was analyzed using an in-house designed package as has 146 been employed in several other studies (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . 165 difference between dilutions were used in subsequent analysis. Primers were designed using a 166 combination of the UCSC Genome browser (https://genome.ucsc.edu/) and Primer3 Plus 167 (www.bioinformatics.nl/primer3plus) with at least one primer in each pair hybridizing across an exon-168 splice sit, thus restricting amplification products to processed transcripts.
RESULTS

170
171 A subset of adipocyte-expressed genes display a memory effect after the first of two challenges with
MCM
173
174 To assess the effect of MCM on adipocytes in culture, we exposed mature 3T3-L1 cells to MCM for up to 175 24 hours, either with or without a washout of the stimulus at 4 h. Figure 1 shows that the transcriptional 176 output of inflammatory targets in 3T3-L1 adipocytes responds to macrophage secretions in the same way 177 as reported by others (31) (3) (11) . The MCM caused a rapid (within 2 h) and high amplitude (>100-fold)
178 rise in the levels of both IL-6 and iNOS transcripts, two key indicators of the adipocyte inflammatory 179 response. Moreover, despite the continued presence of the MCM stimulus, the level of both these 180 mRNAs decreased after 4 h of exposure. In neither case did transcript levels return to basal values, even 181 after a further 24 h incubation. In contrast, when the MCM stimulus was removed and the cells 182 incubated in fresh culture medium, the expression of both genes declined to pre-exposure levels within 8-183 12 h.
184
185 Although washout of the MCM stimulus appears to reverse the effects of the inflammatory exposure (at 186 least with respect to iNOS and IL-6 expression), we were curious to know if the previously-exposed cells 187 would behave differently to naive cells when exposed to MCM again. Figure 2 shows 227 There were 87 transcription factor binding sites (TFBs) that were common between at least 17 of the 20 228 genes in Table 1 . Of these, a subset of 16 TFBs were characterised as being selectively concentrated in 233 Similarly, the promoters of the 20 genes from Table 2 showed a total of 64 types of TFB, of which 10 234 were identified as being distinct for this set. The three with the most penetration across the 20 genes were 235 NRSF (Neuron-restrictive silencer factor), SF1F (Vertebrate steroidogenic factor) and STAF 236 (Selenocysteine tRNA activating factor). There was some commonality in TFBs between the two tables, 237 but not in any of the afore-mentioned genes. Table 3 , 242 with selected qPCR confirmation from separate biological preparations shown in Figure 5 . The 243 horizontal divider in Table 3 delineates transcripts that recover to pre-stimulation levels after the washout 244 from those that remain repressed after removal of the first stimulus. The targets in Table 3 are generally 245 associated with ontological groupings related to adipocyte biology. Interestingly, even if there was full 246 recovery of the transcript level during the washout period, the secondary response never showed an 247 overtly faster or high amplitude response than the initial exposure.
248
249 Adipocytes retain but do not magnify the memory effect following multiple MCM challenges 250 251 Figure 6 shows the results of several rounds of MCM stimulation and washout on genes that show either 252 an enhanced secondary response (iNOS) or persistent high expression after the first stimulus (SAA3). In 253 the case of iNOS, the memory effect was retained after a second and third washout and so gave rise to 254 accentuated responses (compared to the first exposure) on the third and fourth challenges. However, the 255 extra exposures did not result in a greater level in expression relative to the second challenge. The first 256 period of exposure and washout is therefore sufficient to elicit the full memory effect. In the case of 257 SAA3, the first washout period was, as before, characterised by a continued rise in levels of this 258 transcript, and the expression level remained highly elevated regardless of the removal or re-instigation of 259 the stimulus. 285 had been pre-exposed to MCM. Whereas iNOS expression appeared to plateau when naive cells were 286 incubated with undiluted MCM, in pre-exposed cells the level of iNOS expression appeared to be 287 proportional to MCM concentration. Since more concentrated MCM was not available, it was not 288 possible to determine the MCM concentration at which the response of pre-exposed cells would plateau.
289 Regardless, these data show that the effect of prior MCM exposure is to increase the responsiveness of the 290 iNOS expression system to subsequent MCM exposure, rather than increasing the sensitivity of the 291 process. (38) suggests that cells of the innate immune system exhibit a 297 form of transcriptional memory in that a priming event alters the cells so that later re-exposure to a similar 298 stimulus causes an exaggerated response. Our results indicate that adipocytes possess a similar 299 transcriptional memory to macrophage secretions and that it is manifested in two ways. Firstly, elevated 300 expression of some genes persists long after removal of the stimulus. Secondly, and more intriguingly, the 301 response of a subset of genes is reproducibly enhanced following a second challenge, despite the fact that 302 their expression levels return to baseline between exposures. It is important to appreciate that although 303 we have reported detailed data for a limited number of targets (e.g., iNOS, IL-6, SAA3, etc.) we have 304 confirmed the existence of the memory response for more than 10 of the genes identified by microarray 305 analyses.
307
In trying to dissect out the molecular mechanisms that might underlie this phenomenon, it is important to 308 reflect on the nature of the stimulus used, and the normal processes that operate to control the waxing and 309 waning of the resulting transcriptional response. It is likely that most of the stimulants in the MCM are 310 cytokines and residual lipopolysaccharide. After an initial surge in expression, caused by stimulation of 311 genes such as Toll-like receptors and interleukin receptors, braking mechanisms are rapidly initiated (for 312 example the concomitant activation of the counter-regulatory SOCS pathway (39) as recently reviewed by 313 (17) . Rapid clearance of the initially produced transcripts is aided by the fact that most of the responsive 314 mRNAs have a very short half-life. Therefore, the 'transcriptional memory' may be a consequence of 315 increased initiation factor or RNA polymerase activity, an impaired dampening response or even a change 316 in the turnover of transcripts.
318
We do know that a single exposure to MCM is sufficient to prime the memory, and that multiple cycles of 320 that, in the case of genes like iNOS, after each cycle of washout, the expression of every memory-enabled 321 transcript returns to basal levels. Therefore, whatever imprint on the transcriptional system is responsible 322 for the memory requires a second stimulus for it to be revealed. In contrast, in the case of genes like 323 SAA3, a single exposure appears to render the transcriptional apparatus continually active, even in the 324 absence of the stimulus. Significantly, it does not increase further upon subsequent stimulation, which 325 implies that the initial exposure is sufficient to set in train transcriptional processes that are hard to switch 326 off.
327
328 We did not delineate precisely which components of MCM are required to give rise to the transcriptional 329 memory phenomenon. MCM will comprise of tens, if not hundreds, of inflammogens and, furthermore, 330 although always prepared and used in the same way, each preparation of MCM will likely have had a 331 slightly different composition. We were, however, able to establish that the LPS residual in MCM 332 preparations was not responsible for the memory effect (results not shown). Thus, although LPS is 333 effective at raising the expression of genes like iNOS and IL-6, it does so at a much lower magnitude than 334 MCM and subsequent cycles of washout and re-exposure do not result in a different response.
335
336 It was established that the primary exposure does not increase the sensitivity of adipocytes to MCM but, 337 rather, the total capacity of the inflammatory gene response seems to be accentuated by a single four-hour 338 exposure to MCM. Changes in responsiveness are usually the result of a physical increase in the number 339 of components in a signaling system -either at the receptor level (40) (41) (42), the intermediate 340 signaling molecules (43) (12) (44) (45) or, more usually, in the total amount of the final target (46) (47).
341
In the context of the current system, the final target could be envisaged to be active RNA polymerase 342 bound to the promoter region of the genes. It is becoming increasingly clear that initiation of transcription 343 is only partly responsible for the regulation of the rate of transcript production (48) . After the assembly 357 and densely packed. The observations that the first exposure seems to increase the total responsiveness of 358 the system and that multiple exposures do not incrementally increase the TM effect, are both consistent 359 with the primary exposure simply making the chromatin maximally accessible. Techniques now exist to 360 determine the extent to which particular sections of chromatin are accessible (e.g., FAIRE (52) (53) 361 (54) and mono nuclease digestion (55) (52) (56)) and these approaches will be important in trying to 362 elucidate the molecular mechanisms involved. Although we were not successful in identifying specific 363 promoter modules that might be responsible for the two types of TM, there was enough consistency in the 364 groups to inform the choice of probes in future experiments aimed at determining if particular 365 transcription factors are involved. However, although the nearly 60 transcription factor modules present 366 on the genes in question also appear with high frequency on all inflammatory genes, the fact that not all 367 inflammatory genes show the memory response indicates that other factors must be involved.
368 Accordingly, and consistent with the memory in the innate immune response, the priming event may lay 369 down epigenetic markers in particular areas of the genome and it is also possible that long non-coding 370 RNAs and micro-RNAs are involved. These are obviously areas for further investigation.
372 Another mechanistic clue may be in the fact that the memory effect is preserved for at least six days after 373 the initial exposure, especially as this is despite the inclination of differentiated 3T3-L1 adipocytes to 374 become less sensitive to MCM with increasing time in culture. Therefore whatever mechanisms operate 375 to reduce MCM responsiveness during extended culture are not abrogated by an previous MCM exposure 376 but, equally, the mechanisms responsible for the memory effect are clearly still operational and can 377 impose themselves in long-term cultured cells.
379
The ability of MCM to reduce the expression of adipocyte-characteristic genes was of interest and, in 380 particular, it was noted that targets coding for enzymes with a critical role in lipogenesis (eg, ACC and 381 PEPCK) were not only reduced in expression by MCM but largely failed to recover during the 24 hour 382 washout period, even undergoing further reductions in expression level on subsequent MCM exposure.
383 Commensurate with this, we have observed that prolonged incubation of mature 3T3-L1 cells with MCM 384 does elicit substantial de-differentiation and blunts the differentiation process (results not shown), and this 385 is supported by other studies that implicate MCM in reducing markers of the adipocyte phenotype (57) 386 (58) (59) (60) (61) (7) (8) (62) .
388
The existence of adipocyte transcriptional memory introduces an exciting complexity into our 389 understanding of the relationship between adipocytes and macrophages. Although this behavior should 390 be confirmed in vivo before extrapolating the potentially far-reaching physiological consequences, it does 391 emphasize the importance of better understanding the mechanisms which exist in adipose tissue to 392 prevent an escalating positive feedback loop between the adipocyte and macrophage inflammatory 393 secretions. If proven to be physiologically relevant, the phenomenon has implications for long-term 394 health in diet cycles.
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